expressed under the control of a seed-specific promoter in Arabidopsis, plants were able to accumulate small amounts 18 : 1 E and 12,13-epoxy-cis-9,15-octadec-2-enoic acid in their seed lipids. In this report we give results obtained from a detailed analysis of transgenic Arabidopsis plants containing the Cpal2 gene. T h e seeds from these plants accumulate varying levels of 18 : 1 E, but show a marked increase in 18: 1 and equivalent decrease in 18 : 2 and 18 : 3. We further observed that the co-expression of a C . palaestina A1 2-desaturase in Arabidopsis appears to return the relative proportions of the C , , seed fatty acids to
Introduction
Epoxy fatty acids are valuable raw materials for the production of resins, glues, plastics, polymers and other surface coatings. Currently, epoxy fatty acids are derived by the chemical epoxygenation of the carbon double bonds present in highly unsaturated vegetable oils, such as soybean and linseed oils, or by synthesis from petrochemicals [l] . Earlier, we described the isolation of a Crepis palaestina cDNA (Cpal2) which encoded a fatty acid A1 2-epoxygenase that could catalyse the synthesis of vernolic acid (1 2,13-epoxy-cis-9-octadecenoic acid ; 18 : 1 E) from linoleic acid (1 8 : 2). When the Cpal2 gene was expressed in Arabidopsis under the control of a seed-specific promoter, plants were able to accumulate small amounts of 18 : 1 E and 12,13-epoxy-cis-9,15-octadec-2-enoic acid (18 : 2E) in their seed lipids. This amount of epoxy fatty acid was significantly less than the amount found in the seeds of C . palaestina, where they comprise over 60 04 of total seed lipids [2] .
Transgenic expression of the Cpal2 and other A1 2-acyl-modifying enzymes in Arabidopsis not only resulted in low levels of accumulation of the Biotechnological Aspects: Fatty Acids modified fatty acid product, but were also associated with marked increases in oleic acid [2] [3] [4] 
Experimental
Isolation of the C. palaestina A1 2-epoxygenase gene (CpalZ, GenBank accession no. Y 16283) and A1 2-desaturasegene (Cpdes, Y 16284) and the plant expression vectors for the A1 2-epoxygenase and
Cpdes have been described earlier [2] . Arabidopsis thaliana C24 [5] was transformed with the A12-epoxygenase construct by the hypocotyl method [6] . Mature T, seed was harvested from primary transgenic (T,) plants and used for fatty acid analysis and to establish T, progeny plants. Additionally, the Arabidopsis FAD2 mutant that is deficient in A1 2-desaturase activity [7] was transformed with the Cpdes construct using the floral dipping method [8] .
Results and discussion
Expression of the Cpal2 A1 2-epoxygenase gene led to the synthesis of between 2 and 6 :h of two epoxy fatty acids, namely 18: 1E and 18:2E. 18:2E is presumed to result either from the A1 2-epoxygenation of 18 : 3 or from the A1 5-desaturation of 18:2E and does not occur in C. palaestina, since that species does not contain 18: 3 in its seed oils, presumably because it does not have a seed-active A1 5-desaturase for the production of a-linolenic acid. T h e fatty acid composition of T, seed from one such T, plant, A0*10, is presented in Table 1 .
Even though only modest amounts of epoxy fatty acids were produced (6"4)), 1 8 : l content was raised to up to 41 compared with typical levels of 16-20 ')lo in the control lines. These changes are further illustrated by the oleic desaturation proportion (ODP), a measure of A12-desaturase activity [9], which was reduced from a value of 0.72 in the C24 wild-type to 0.29 in the epoxy fatty acid-containing A0*10 line. This increase in 18 : 1 was observed in every transgenic line expressing the Cpal2 gene and was not associated with a decrease in the FAD2 mRNA levels (results not shown). In fact the fatty acid profile of A0*10 is quite comparable with that of the FAD2 mutant Table I Seed-oil fatty acid composition for A. thaliana C24, a FAD2 mutant, a transgenic line of FAD2 carrying the C. palaestina A I 2-desaturase (Cpdes), AO* I0 (C24 carrying the C. palaestina A I 2-epoxygenase gene), three T, derivatives of AO* I0 also carrying the C. palaestina A I 2-desaturase gene, and the segregating T2 progeny of BD*4 ODP. oleic desaturation proportion.
Fatty acid composition (%) Cpdes homozygotes more than compensated for the inhibition caused by the presence of the A1 2-epoxygenase. While the current experiments cannot define the exact nature of the observed negative interaction between the Cpal2 and F A D 2 enzymes, we feel that this phenomenon might contribute significantly to the relatively low accumulation of epoxy fatty acids in Cpal2-transgenic Arabidopsis.
